The crystal structures at room temperature of the N-chloro-N-(2,6-dichlorophenyl)-chloroacetamides 2,6-Cl 2 C 6 H 3 NClCOCCl 3 (1) and 2,6-Cl 2 C 6 H 3 NClCOCH 2 Cl (2) have been determined.
Introduction
Recently we have started studies on the N-Cl bond in solids by 35 C1-NQR and crystal structure determinations [1, 2] , The majority of the compounds considered belong to the group of acetanilides, for many of which C-35 C1 NQR data are available [3] , Structure (X-, neutron-diffraction) and 35 C1 NQR work in detail was done for some 2,6-dichlorophenyl-acetamides [4, 5] . Here we report studies (crystal structures and 35 C1 NQR) on the N-chlorinated 2,6-dichlorophenylchloroacetamides 2,6-Cl 2 C 6 H 3 NClCOCCl 3 (1) and 2,6-Cl 2 C 6 H 3 NClCOCClH 2 (2) and discuss the results with those for N-chloro-N-phenyl-chloroacetamides, N-(2,6-dichlorophenyl)-chloro-acetamides and other substituted amides.
Experimental
The preparation of acetanilides is described in [3] , and that of N-chlorinated compounds in [1] . The X-conditions for the structure determinations of (1) and (2) are listed. Figures 1 a and b show the molecule of (1) and (2) , respectively with the thermal ellipsoids and the numbering of the atoms used throughout the paper. In Table 2 we have given the atomic coordinates and the thermal parameters of the atoms in the unit cell. A projection of the unit cell of (1) along the axis [010] onto the ac plane is given in Fig. 2 , and the unit cell of (2) is projected along [011] onto the (011) plane in Figure 3 . In Table 3 we have compiled the intramolecular distances and angles for (1) and (2). The C-C bond distances within the benzene ring are found in the range 136.2 <d(C-C)/pm< 139.1 with the mean value 138.0 pm for (1), and 137.2 <d (C-C)/ pm< 139.1 with the mean value 138.2 pm for (2). As regards to the ring angles, they are observed between 118.8° and 122.3° with the mean value of 120.0° (1) , and 118.8° and 121.6°, with the mean value of 120° (2). The C 6 rings are planar, with deviations. The equations for the planes are given in Table 4 . Within the 0932-0784 / 96 / 0500-639 $ 06.00 © -Verlag der Zeitschrift für Naturforschung, D-72072 Tübingen 35 C1 NQR and X-Ray Diffraction Study limits of error no influence of changing from the side substituent NClCOCCl3 to NClCOCH2Cl is seen. Selected torsional angles of (1) and (2), compared with those of N-chloro-N-phenyl-2,2,2-trichloroacetamide (1 ph) and N-chloro-N-phenyl-2-chloroacetamide (2ph) may be found in Table 5 .
As far as the molecular packing is concerned, the molecules of (1) are arranged in planes of 2,6-dichlorophenyl rings in be planes centered at x = 0 and x = 0.5, the NCICOCCI3 groups in bc-planes centered at x = 0 and x = 0.5, the NClCOCCl3 groups in deplanes centered at x = 0.25 and 0.75 (see Figure 2 ).
C1<C8,2) This leads to a maximum compensation of the molecular dipole moments in the direction [100]. A similar dipole compensating molecular arrangement is found in (2) , as shown in Figure 3 . Here the molecular dipoles are also compensating in the [100] direction, the molecules forming layers of dichlorophenyl rings in the be plane at x = 0.25 and x = 0.75, and the NClCOCClH 2 groups are centered in the be planes at x = 0 and x = 0.5. The intermolecular distances within the van der Waals distances <380 pm for (1) and (2) are given in (2) 975 (6) 550 ( For r vdW (Cl) we take 180 pm for the ring attached chlorines and 177 pm for the aliphatic CI atoms [6, 7] . r vdW (Cl (N) is probably smaller than the aliphatic r vdw , and we assume 170 pm for it.
C1 NQR
The 35 C1 spectrum of (1) Vi Fig. 3 . Projection of the unit cell of (2) onto the (Oil) plane.
cies have been given in [1] , There is a printing error in molecular crystals, obeying predictions of the theory [1] in the formula of (13), here (2) . It should read of Bayer [8] . The coefficients a f of the power series 
_C(1) Compound ( Table 6 . Intermolecular distances in (1) and (2) within the van der Waals distances < 380 pm [6, 7] , Compound Connection
..C(6", Table 7 together with frequencies at selected temperatures for both the compounds. Among the resonances of the three chemically different kinds of chlorine atoms, as assigned in the discussion section, those from the chlorine bound to nitrogen atoms and to the ring are observed up to 370 K, whereas those from chlorine atoms in the CC1H 2 -and CC1 3 -groups fade out above 310 K. This is in contrast to the observation that quite often for the trichloromethyl group fade out above room temperature. Since there is no change in the multiplicity of the spectrum from 77 K up to 370 K (except for dynamical fade out of v (Cl cc ' 3 or CC1H2 ), one can say that, in the present conditions, there is no phase transition of first order in these compounds.
Discussion
It is worthwhile to compare the 35 C1 NQR and crystal structure data of (1) and (2) with the literature data [2, 4 ] of 2,6-dichlorophenyl-2,2,2-trichloroacetamide (1 nh), 2,6-dichlorophenyl-2-chloroacetamide (2nh), N-chloro-N-phenyl-2,2,2-trichloroacetamide (lph) and N-chloro-N-phenyl-2-chloroaceta- Table 7 . Coefficients a t of the polynomial v = -1</<2, and 35 C1NQR frequencies at selected temperatures for (1) and (2) . z is the number of measurements, a the mean squares deviation (in kHz). S/N is the signal to noise ratio, measured by lock in technique, time constant 10 s. For (2), see also [1] mide (2ph) and other substituted acetamides and chloroacetamides.
The first point we consider is the intramolecular geometry of the title compounds. The individual data are given in Table 3 . Comparison of the C (l) -C <J) bond distances within the C 6 -rings of the two compounds shows that there is no significant change in the ring distances by the side substitution. Similar trends were observed with the corresponding unsubstituted N-Cl-N-phenyl-chloroacetamides C 6 H 5 NClCOCCl 3 (lph) and C 6 H 5 NC10CC1H 2 (2ph) [2] , The C (2 ' 6) -C1 bond lengths are almost the same and are also not different from the respectively N-H compounds, 2,6-Cl 2 C 6 H 3 NHCOCCl 3 (lnh) and 2,6-Cl 2 C 6 H 3 -NHCOCClH 2 (2nh) [4] , The C (1) -N bond distances 35 C1 NQR and X-Ray Diffraction Study 634 for compounds (1) and (2) are 143.8 pm and 142.7 pm, compared to the values of 142.9 pm and 141.6 pm for the N -H compounds (1 nh) and (2 nh) [4] . For the bond N-C <7) , the distances are 136.0 pm and 137.7 pm for (1) and (2), respectively, and 133.6 pm and 133.6 pm for (1 nh) and (2nh) . The elongation of this bond is greater with compound (2) on N-chlorination. The effect of the latter on the C (7) -0 bond length of (1) is negligible, while it shortened this bond length of (2) by 1.4 pm. On N-chlorination the c (8) 
bond distances in the side chain lengthen by about 2 pm in both the compounds. As to ring angles, the mean values are 120° for both compounds, as they are for the respective N-H compounds [4] , There are no substantial differences in the bond angles N-C
(1) -C ,2 -6) and ci
of the title compounds. The C (1) -N-C <7) bond angles for the compounds (1), (2), (1 nh), (2 nh), (1 ph) and (2 ph) are 119.6°, 120.8°, 121.4°, 123.4°, 132.3° and 125.6°, respectively [2, 4] . That is, the bond angles narrow down by 1. [2] . N-chlorination of N-H compounds also widens these angles. The H (N) -N-C <7) angles are 116.1° and 117.8° for (lnh) and (2nh). Similarly the (N-C <7) -C (8) , N-C (7) -0 and 0-C (7) -C <8) bond angles change to some extent. The changes in bond angles with regard to the side chain are minor in the respective categories.
C1NQR
There is no problem in the assignment of the 35 C1 NQR frequencies. The six lines observed for (1) at 77 K (Table 7 ) may be assigned as follows: In N-chloroacetanilides, the 35 C1 (N) frequencies are much higher than those of 35 C1 (C) , generally >51 MHz [1] , and therefore the assignment is unique. Hence \\ = 56.327 MHz is assigned to C1 (N) . The side chain Cl atoms have much higher temperature coefficients than the ring chlorines [3, 9] . Therefore the frequencies v 2 = 40.636 MHz, v 3 = 40.317 MHz, and v 4 = 40.294 MHz have been assigned to the CC1 3 group. The position of the latter in the frequency scale of C1 (C) is much higher than for the ring chlorines. Also, due to librational motions in the lattice, this triplet part of the spectrum fades out at T f = 320 K, as the torsional motions of the CC1 3 group are easily excited. The remaining two lines, v 5 = 36.532 MHz and v 6 = 36.182 MHz are assigned to the ring chlorines (Cl (2) and Cl (6) ).
Pies et al. [3] have synthesised a large number of N-(chlorophenyl) acetamides and measured their 35 C1 NQR. They have observed several phase transitions, besides the fade out of the 35 C1 signals, which may, however, often be a property of the vibrational excitations of the considered group in the molecule. Quite an interesting relation was found later by Groke et al. [4] , who observed that in the series, 2,6-Cl 2 C 6 H 3 NHCOCH 3 _ ;c Cl ;t x = 0, 2 there is a phase transition of first order, whereas there is no phase transition up to the melting point for x = 1, 3. We find that the N-chlorination does not influence this pattern for x=l, 3. Substitution within a molecule changes the 35 C1 NQR frequencies by the Hammett substituent effect, namely the /-effect [3] .
The present 35 C1 NQR frequencies have also been compared with our previous [1, 2] and on-going work [10] and with other results in the literature [11] . The comparisons are schematically represented in Figures  6-8 . Figure 6 shows the variation of the mean value of the C-35 C1 <2 " 6) NQR frequencies with Cl substitution in the side chain CH 3 _ X C1 X in N-(2,6-dichlorophenyl) and N-chloro-N-(2,6-dichlorophenyl) acetamides and chloroacetamides. It generally increases with increase in the number of Cl atoms in the side chain from the level of the mean value 34.704 MHz of the two frequencies 34.398 MHz and 35.010 MHz for 2,6-dichloroaniline [11] . The variation of the CC1H 2 and CC1 3 frequencies in chloroacetamides, N-phenyl and N-(2,6-dichlorophenyl) chloroacetamides, and N-chloro-N-phenyl and Nchloro-N-(2,6-dichlorophenyl) chloroacetamides is shown in Figure 7 . Variations of the 35 C1 <N) NQR frequencies in X y C 6 H 5 _ y NClCOCClH 2 (where X = C1 or N0 2 and y = 1 or 2) [1] and 2,6-Cl 2 C 6 H 3 NClCOR (where R = H, CH 3 , CH 2 CH 3 , CH(CH 3 ) 2 , C(CH 3 ) 3 , C 6 H 5 , CH 2 C1, and CC1 3 ) [10] , with the changes in ring substitution at constant side chain, and vice versa, are shown in Figure 8 . The main principal axis <P,, of the electric field gradient tensor, EFGT, depends on the distance d of a charge e from the quadrupolar nucleus by 4> zz = ad~3.
In the case of 35 C1 with I = 3/2, under the assumption that the asymmetry parameter n( 35 Cl)<0.18 it can be assumed that the frequency measured is 1/2 of the nuclear quadrupole coupling constant eQ<P zz h~1 (where e is the unit charge, Q the nuclear electric quadrupole moment and h Plancks constant), from which <P,, can be calculated with the known values of other constants. Thus the theory allows for a correlation of the NQR frequencies with the bond distances [12, 13] , Hence our main interest is in the correlation of N-Cl bond lengths and the 35 C1 (N) NQR frequencies.
The N-Cl bond lengths of (1), (2) frequencies. Further NQR and structure work on a series of compounds with weak and strong N-Cl bonds is necessary for the purpose of correlation. Our work in this direction is in progress [14] .
